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In aitcmpting to utilize technology originally dcvclopcd  for other applications to long-
tem space cxploraticm  applications, such as a missiol] to the planet I)luto, a major
question mark is the ability of the technology to bc cx[cndcd  to the required greater
Ii fctimcs,  duty cycles, and environmental cxt]cmcs. hliniatulizcd  propulsion components
for a space-craft attituclc control cold-gas propulsion systcm had been developed earlier
under a Pluto l:ast I; I yby Advanced “1’cchnology  Insertion (A’1’1)  program. 1 “1’hc objective
of this sludy was to assess the functional pcrfbrmance  of the components under the flight
design conditions.

‘1’his pro[:ram consisted of dynamic tests of individual components and cycling tests
under ambient and flight design tcmpcraturc  c,onditio]ls of the components assembled into
a breadboard cold-gas propulsion test system. 1.abVicw computer systems were used to
actuate and pulse the latch- and thruster-valves and to acquire the mcasurcmcnt results
(pressure, tcmpcraturc, actuation voltage, and current draw). Acccptancc  tests were
performed on the individual components at ambient tcmpcraturc and at the test condit-
ioning  tcmpcraturc prior to each cycling test to assess any degradation in performance
wit}] conditioning tcmj~craturc  and cycling.

‘1’here appear to bc no technical obstacles in miniaturizing passive propulsion components
Iikc scrvicc valves, wit})  resultant considcrab]c  weight savings.

‘1’hc miniaturization of latching type valves incrcascs  the challenge of balancing the
actuating and latching forces to hold tile valve armat~trc in the last conmandcd  position
under all dynamic environmental conditions and to aflcquatcly  seal under low flight
design tcmpcraturc conditions.

A miniaturized protot ypc pressure regulator dcmonst  rated the ability to meet a narrow
regulated pressure band (i 5Yo) at low outlet pressure, 34.5 kPa (5 psig), and flow, 0.35
S1 ,PM, conditions over a wide ran~e of inlet pressure and conditioning tcmpcraturc.

‘1’hc small internal displacements in lo\v outlet prcssurdflow  rate mechanical-type
pressure regulators incrcasc  their susceptibility to malflmction  under dynamic
cnvironmcnlal conditions. Slight  dislocations of the internal mechanisms will alter their
operating pcrformanc.c,  i.e., ability to meet the functional rcquircmcnts.  lllcctronic
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“t~ang-bal~g”  t ypc systems should continue to bc ctcvclopcd as an alternative pressure
regulation approach.

A robust cold-gas thruster valve-scat ctc.sign  has been dcvcloj>cd  that demonstrated low
Icakagc, operating rcpcatabi]it  y, and high opcl sting CJCIC life.

IJollowing  dynamic testing of onc of each set of the p] ototypc  miniaturized components,
the assembled breadboard cold-gas propulsion tests s)stcm,  shown schematically in
l:igurc  1, pictorially in l:igurc  2, and mounted in a tcn Ipcratul c conditioning chamber in
IJigure 3, was cycled  a total of 60,000 times under ambient and design tcmpcraturc condi-
tions. ‘l’able 1 shows the order of the testing and ‘l’able 2 the order of the performed
component acceptance tests.

‘1’hc latch valve internal leakage measurement results arc listed in “1’able 3. No
measurable leakage (NM].) could be detected for either latch valve before or after the first
10K ambient tcmpcraturc cycles. At -2.0°C V?., whic]l  had been dynamically tested and
unlatched at the }lighest  (0.5 g?/1 Iz) random vibration level, would not open. Raising the
tcmpcraturc back to 200(: allowed the valve to bc opened. ‘]’hc second ]atch va]vc,  V3,
had a gross leak at -20°C  which exercising the valve didn’t correct. At the subsequent
ambient acceptance test V2 could not be closed, and it remained in the open position for
the balance of the test program. No measurable leakage was dctcctcd  for V3 here and for
the balance ofthc  test series.

‘1’hc internal leakage mcasurcnlcnt results for the two cold-gas thrusters arc shown in
“1’ab]c 4. ‘1’2, which was dynamically tested, showed IIO measurable leakage throughout
the test series. 1 lclium  leak checks bcf(mc and after yielded 3.2 x 10-9 and 2.0 x 10-8 see/s,
rcspcctivcly.  ‘1’1 developed a detectable leakage - 6 to 7 x 10-s scchnin.  CJN2, still below
the prototype technical specification value of 10-2 scc/nlin.  GNj - over the final 20K
ambient temperature cycles.

‘1’hc pull-in and drop-out voltages (“l”able 5), measured to i 1 V, fol the two thrusters
showed little or no deviation over the span of the test series.

l~igurc 4 shows voltage and current pulse trmcs for tllc two thruster valves - taken at the
conclusion ofthc 60,000 cycles, but essentially unchanged throu~hout  the series. “1’able 6
shows representative actuation voltage, current draw, and power va]ucs for the respective
conditioning tcmpcraturc cycles. “J’hc excitation voltage was held at the thruster n~anufac-
[urer’s acceptance test value of 23-24 volts. As shown,  the current drawn by the two
thrusters incrcascd  at -20°C and dccrcascd at 70°C.
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‘1’able  1, ‘1’csling orctcr

a. ~onlponcnt Acc.cptance  “1’csts
b. ‘1’hruster Cycling ( 10K)

2. Cold [;ollditiollillg-”1’cIllpcratLlrc  “]’cst (-200(’)

a. (;omponcnt Acceptance ‘1’csts  - Ambient ‘1’cmpcratule
b. ~omponcnt  Acceptance ‘] ’csts - -2.00(;
c. l’hrustcr Cycling ( 1 SK )

-3. . I lot Conditioning-’l’cmpcrature  l’cst (70°C)

a. Component Acceptance ‘1’csts  - Ambient “1’c.mpcraturc
b. ~onlponcnt Acceptance “]’ests - 70°~’
c. “1’}~rustcr Cycling (1 SK)

4. Repeat Ambient “1’cmpcraturc Test

a. Component Acccptancc  “1’csts  - A1ll[liC1lt  ‘1’cmpcraturc
b. ‘1’hruster Cyc]ing  (20K)
c. Component Acceptance ‘1’csts  - Amtlient  “1’cmpcraturc

‘] ’ab]e 2, @dcr  of (;onlpo]]cnt  Ac{cptance  “J’csts

: .-.===-  .== .. ..-.-. =: .—====  . __ —.. -—-——— _ —_——
1.

_—— ——. —.
Measure lcakag~  of latch val\~;~&~blc  ]netcr”;ovct  period of ~–”-

—.———

minutes.
2. Measure leakage of latcl~ valve V3.
3. Measure leakage of thruster “1’1.
4. Measure leakage of thruster ‘1’2.
5. Measure pull-in and drop-out voltap,c  of thrusler 1’1.
6. Measure pull-in and drop-out volta~,e of thruster “1’?..
7. Record regulator pressure leakage over period of 1/2 to 1 hour.
8. Measure regulator regulation band, with two thrusters pulsing, over inlet

pressure range of 300 to 50 psi.
.-,. E-.--.-::  .-—== =—--- -—. .— ——-——— ——.-——. . . .—. ..—. ——— .- . . . . . —,-.: =-. ===-,.=..  ,=-.  .=, — =. ..—_———— .
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“]’able. :+ ] ,atc.h  Valve  1 ntcl nal 1,caka~c  Results

l;unctional  Rc.quircnvmt: 0.01 sc.c/nlin.  GNl (Inax) at 2.1 Ml)a (300 I’si)

Moog  -

Acccptanc.c

scc/nlin.  GN2

667x1 O-s” -

0.0
(300 Psi)_.—

— ..——

10K CYCICS

Amb.

NMi/-

NM1/

—-—. —

Amb.
NM].

NMI.

15K 15K 20K

.40~:

:“- “--”-1  ““- ““”-”----ri” ‘ .

Amb. 158°1:  A m b .  A m b ._—-.
NM’I; Stuck in o~)en --- --- --- ‘-

(wouldn’t position
Open)

Gross leak NMI, NMI, NM], NM],

——-.=.  . -,.—a .=.. ————— ._ ._= .= __.=_ _—— — ——. .— . . . .
NM], - No Measurable 1.cakagc

Table  4 ‘l’llrustcr  Valve lntcrnal  1,cakagc  RCSLJltS

l’unctional  Rcquircmcnt:  0.01 scchnin.  GNl (max) [it 34.5 kl’a (5 I’sig)

Mmg
Acccptancc

scc/n~in. GN2
1 .omF—

7.4 XIO”S

] OK C)

Amb.
-mm-

NMI/
3 .2x 10-9
see/s I IC.-

.Ics 1 SK 1 SK 2.OK

Amb.
NM~

NMI.

-401:
.—— ———
NM] .

NM1>

—. .

Amb.
NMI,  -

NM1 a

—-—————. .

158°1:
“NMi,

NM].

— —..

Amb.
NMI,

NM],

Nh41/ -No 1

Amb.
7.25x10=  -

6.0x IO-3

NMI.
2< OX10-8
see/s 1 {c_==

casurablc 1 cakagc



‘1’able 5. ‘1’t]rus(~r  v~l\/c l’1l]l- [11 .311(! ] )l”Op-ollt \JOlt~p,CS

l:~mctional  Rcquimnmts:
l)u]l-in; 2.0 Vcic (max) at 450(:  (1 1301:)
Ihwp-out;  3 Vdc (mill) at 45°C (1 1 301:)

::;4::r::r::...
::T;~!I

—-——-—.—— — .- ——-_—-, -: . . -—.—. .._===X ----- .— _.T_—..

_=; = __= .=... = ,.:..  .=____ __. _.__. __. .—. _.— — ——— ————-  .- ——-—-  —— —.— . . . : .—. —. ——-=—  —

“]’al)]c 6. ‘] ’l]rustcr  Valve Actuation I)owct at 23-24 Vdc l;xcitation  Voltage

l;umtional Rcquircmcnt: 10W (max) at 28 Vdc and ?O”C (6801;)

.,., Voltage, V
Current, A
l’owcr, W

“1’2 Voltap,c, V
Current, A
Power, W

——.—— —-— ======.==—— =--—-
Moog

Acccptancc
T

1 OK Cycles

70°c

1 “--

Amb.
24 23

0.28 0.26
6.27 5.41

24

A

23
0.28 0.26
6.27 5.41—---- —.-.=—= -.. -

—. ——.. —.. .-.. .

1 SK

-40];

23 -
0 . 2 9

6.72

23
0.29-0,30
6.72 -7.?.0. —. . ..==

_—.

15K

!

20K

158°1: Amb. —.
’23 “’ ‘— ’74—
0.24 0.27
4.61 5.83

23 23 24
0.24 0.26 0.28
4.61 5.41 6.27
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‘1’hc opminp,  response time (lime ctclay  flonl energizing to opening of thmstcr valve) for
the two thrusters is imticatcd by the inflections in the high sweep-late voltage and CLJITCIIt

traces in l:i~urc  5. “1’hcsc sweeps were also taken near lhc conclusicm of lhc 60,000
cycles. ‘1’hc results for the rcspcctivc  conciitioning  tcm])craturc cycles arc tabulated in
‘] ’ab]c 7, ‘1’]Ic O]MJliJ]~  J’fXpOIISC  tilnCS WCJ’C <1 111S thrO@C)Ut thC tCSt SCriCS and (hC fiIla]

values were essentially ictcntical  to the manufacturer’s acceptance test results. Valve
closing response times for the latter were <250  m.

All breadboard cycling tests were done with the non-vibrated prcssuJc  regulator in the
systcm,  Prc-test check-out of the systcm had revealed that the vi bra(cd regulator would
not open (remained in the lock-up position) tc) allow gas flow through it. “i-he rcsu]ts of
the pressure regulator lock-up leakage tests are. tabulated in ‘l’able 8. “1’hc initial accep-
tance tests showed a drop in the lock-up pressure, P3, of 0.03 psi (0.75Yo) over a period of
1 hr., indicating that the outlet  line fittings leakage excccdcd  t}~at  of the regulator. ‘1’hc
high values for t}]c prc-70°(~  ambient temperature tests arc probaljly  attributable to the
pressure transducer not being adequately warrncd up. ‘l”hc lock-up pressure rose 0.3 psi, a
5.7% increase, in 15 min. at the prc-test 70°C; tcmpcraturc condition, indicating a definite
Icak. “1’hc post- 70°C~ acceptance test at ambient temperature showccl  no change over 30
min. ‘1’hc final acceptance test showed a low 0.03 psi (0.55Yo) drop over a period of 2 hr.

‘1’hc lc~ck-~lj~/rcg~]latcd  pressures with the two thrusters cycling, measured over a regulator
SIJpp]y pressure raJ~gc of 300 to 50 psi, arc tabulated ill ‘1’able 9. ‘1’hc rcg,u]atcd  pressure
results, plot[cd in l:igurc  6, fell within the technical sl)ccific.ation of 5 fl 0.3 psi. A
standard deviation of ~ 0.03 psi over the 250 psi range in inlet plcssurc was dctcrmincd
for the most complctc data sets.

‘1’hc ctccrcasc  in the regulated pressure with incrcasinp.  tcmpcraturc is as was observed in
the manufacturer’s acceptance tests.



I (0.1 amp./div.)

V (5 volts/div.)

I (0.1 dmp./div.)

V (5 volts/div.)

flG. 5 II{RUSIIR VAIVI OPINING R[SPON51 IIMIS

> I < opcr]ir]t] Response lime (0.7 M S)

11

IIME (0.5 ms/div.)

lIM[ (0.5 ms/div.)
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7
15
30
45
60

I
I 20

Net Reg.
1.cakagc,-----

“1’able  7’. ‘1’hrustcr  Valve Opcning  l<cspomw imc

l:unctional Rcquircmmt: < 2.5 ms wit]] 24 Vctc at 45”(: (1 1301;)

Moop>  -

Acccptancc

70°c

0.66 Ins

1.06

T-
] () K cyCICS I 15K

Amb.

1-”----”----”--”--

.~o]:

<1 <]

A. 1 -1- — .  — . .  ————

‘1’able 8. l)rcssurc Regulator 1,~lck-up  I cakagC “J’cst l~cs~llts

l~uncticma]  Rcquircmcnt:  0.01 scc./mi1l.  GN2 (]nax) at 2.1 Ml]a (300 Psi)

. ._—_ ___ _____ .————  —
1’3, l’si[l,

10K
Amb.
5.36

5.35
5.34
5.33
5.32

---

.—

Clcs
Amb.
5.35

5.34

---

-40]:

5.38
5 . 3 7
5 . 3 4

.-..

1 SK
Amb.. . ..—. —
-7.22 ‘“

-?.20
7.20

---

158°1:
5.30
5.46
5.59

I,cakinp,

—.— ---

15K 20K
Amb.
5.31

5.31
5.31

---

... . . . . ~

5.43

5.40
---

;
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